The stalk polysaccharide of the diatom Gomphonema olivaceum by Huntsman, Susan de Ropp
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1966
The stalk polysaccharide of the diatom
Gomphonema olivaceum
Susan de Ropp Huntsman
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Biochemistry Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Huntsman, Susan de Ropp, "The stalk polysaccharide of the diatom Gomphonema olivaceum " (1966). Retrospective Theses and
Dissertations. 5318.
https://lib.dr.iastate.edu/rtd/5318
I 
This dissertation has been 
microfilmed exactly as received 67-2076 
HUNTSMAN, Susan de Ropp, 1941-
THE STALK POLYSACCHARIDE OF THE DIATOM 
GOMPHONEMA OLIVACEUM. 
Iowa State University of Science and Technology, Ph.D., 1966 
Chemistry, biological 
University Microfilms, Inc., Ann Arbor, Michigan 
THE STALK POLYSACCHARIDE OF THE 
DIATOM GOMPHONEMA OLIVACEUM 
by 
Susan de Ropp Huntsman 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject; Phycology 
Approved; 
In Charge of Major Work 
Head of Major Department 
sty )f GraduM 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1966 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
COLLECTION OF GOMPHONEMA OLIVACEUM 6 
THE STALK MATERIAL 8 
Staining Properties 8 
Attempts to Isolate Stalks 8 
Extraction 10 
Effects of Pretreatments on Solubility 14 
Cleaning and Deproteination of Extract 16 
PURIFICATION OF THE POLYSACCHARIDE 19 
PROPERTIES OF THE ACIDIC POLYSACCHARIDE 23 
Methods 23 
Acid hydrolysis and paper chromatography 23 
Identification of principal monosaccharides 25 
Periodate oxidation and borohydride reduction 27 
Determination of sulfate content 27 
Other measurements 28 
Results 30 
Discussion 47 
THE NEUTRAL FRACTION 53 
THE RESIDUAL MATERIAL 55 
CONCLUSIONS 63 
SUMMARY 66 
ill 
Page 
LITERATURE CITED 
ACKNOWLEDGMENTS 
1 
INTRODUCTION 
Various gums and mucilages from higher plants and marine algae have 
been used by man for thousands of years, and many of them have undergone 
extensive chemical and structural investigations (Smith and Montgomery, 
1959; Whistler, 1959; Whistler and Smart, 1953). Bacterial extracellular 
polysaccharides recently have received considerable attention primarily 
because their chemical structures have been shown to be related to 
serological specificity (Stacey and Barker, 1960). Many other plants 
with mucilages of possible economic importance have not been investigated 
intensively. Practically no information is available on the 
polysaccharides of ferns and mosses (Whistler and Smart, 1953), À few 
fungal polysaccharides have been investigated including those of several 
species of Pénicillium. Aspergillus and Saccharomyces (Stacey and Barker, 
1960), Polysaccharides have been isolated from nine species of lichens, 
in which the algal component contributes glucans while mannose, galactose 
and some glucose containing polysaccharides are derived from the fungal 
portion (Smith and Montgomery, 1959). 
The fresh water algae and planktonic marine algae have been largely 
neglected although many genera produce copious mucilage. For a review of 
algal mucilages, see 0'Colla, 1962, The mucilage components of various 
blue-green algae have been analyzed at least to the point of determining 
component monosaccharides (0'Colla, 1962). The fresh water green algae 
have been almost completely ignored with the exception of Lewin's (1956) 
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study of the polysaccharide composition of 15 species of Chlamvdomonas 
and the related Gloeocvstis and Chlorosarcina. Haxo and O'hCocha (1956) 
determined the sugar components in the mucilage of Porphyridium cruentum. 
a unicellular red alga that inhabits soil and damp walls. 
Excluding analyses of entire cell hydrolysates such as those by 
Parsons, et al. (1961) and Barashkov (1956), the extracellular 
polysaccharides of only four species (three marine and one fresh water) 
of diatoms have been studied, Lewin (1955) identified glucuronic and/or 
mannuronic acid in the capsule of the fresh water diatom, Navicula 
pelliculosa. Xylose, mannose, fucose, and galactose were found in the 
capsule of the oval form of Phaeodactvlum tricomutum (Lewin, et al.. 
1958). The mucilage tubes of Amphipleura rutilans contained xylose, 
mannose, and rhamnose with 16% sulfate and up to 30% protein (Lewin, 1958). 
Extracellular fibers of Thalassiosira fluviatilis were identified as pure 
chitan (poly-N-acetyl glucosamine) (McLachlan, et al.. 1965). Only in the 
last-mentioned case was a physical separation of the mucilage from the 
cells made, and analysis was carried out beyond a tentative identification 
of the component sugars by paper chromatography. The other workers 
extracted the entire cell-mucilage complex and made no attempts at 
fractionation or purification of the extract so intracellular components 
may have been included in the results. These could be derived either 
from storage products, such as the glucan leucosin, or from cell walls. 
Hydrolysates of whole cells of marine diatoms have yielded most of the 
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naturally occurring monosaccharides except amino sugars (Lewin and 
Gaillard, 1963). 
The present study is an investigation of the mucilaginous stalks 
produced by the fresh water diatom, Gomphonema olivaceum (Lyngbye) Kutz. 
(Fig, 1), which is the dominant species in the benthic flora of northern 
United States' streams from late fall through spring (Blum, 1954). The 
stalks serve to anchor the cells and become branched as the cells divide 
(Eig, 2), The stalks are about 2 y in diameter, and Drum (1964) reported 
that individuals may attain lengths of 5 mm, accounting for the majority 
of the colony's volume. 
This organism was chosen because its great productivity in cold 
seasons (Drum, 1963) and its attached growth habit 
1) make this species a major part of aquatic food chains 
2) could make commercial utilization feasible 
3) suggest it might have certain advantages over other algae in 
space biology. 
Fig, 1. Young colonies of Gomphonema olivaceum» These will become 
confluent and cover the rocks to a thickness of 1 to 2 cm 
Fig, 2, Micrograph of living unstained cells of 6, olivaceum showing 
branched extracellular stalks attached to a filamentous green 
alga (X 900) 
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COLLECTION OF GOMPHQNEMA OLIVACEUM 
All investigations described were carried out on material gathered 
from natural environments because yields from cultures were unsatisfactory, 
I attempted to grow the organism on rocks over which was circulated 
untreated river water at 2 to 5 C, The system was illuminated by two 
fluorescent and one 100 W incandescent bulbs. I was able to maintain 
the organism in this manner for 2 months, and during this time clean 
rocks added to the system became colonized. However, growth, as measured 
by stalk production, was extremely slow and abnormal; the colonies never 
became more than 1 or 2 mm thick, compared to the 1 cm thickness commonly 
found in nature. Also, by the end of 2 months, the colonies were badly 
overgrown by other diatoms as well as phycomycetes and protozoa, so the 
experiment was discontinued. 
Collections were made during the winter and early spring from riffles 
in the Des Moines River at Ledges State Park, Boone County, Iowa, and in 
Skunk River at the Riverside Road bridge about two miles north of Ames in 
Story County. Two collections were made elsewhere; one from Dutch Creek 
in Wapsipinicon State Park, Jones County, and the other from the Little 
Turkey River in Mallory township, Clayton County. The collection from the 
Little Turkey River was discarded because it contained large numbers of 
other diatoms as well as much fine particulate matter which appeared to 
be adsorbed on the stalks and could not be removed by centrifugation or 
washing. All other collections were essentially pure stands of Gomphonema 
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olivaceum. Diatoma vulgare. another mucilage producing diatom which 
occurs in the same habitat, could be avoided during collection since 
its colonies are much darker in color. Various insect larvae living 
in the diatom colonies could not be readily removed and were left in 
the. material. However, chromatograms of larvae ground and hydrolyzed 
in the manner used for the algae contained a single spot with a 
mobility corresponding to glucose, a sugar that does not appear to be 
a major component of the purified diatom polysaccharide. 
The diatom colonies were removed from the rocks by scraping with 
a table knife. The collected material was washed under tap water three 
times to remove the coarsest sand and gravel. It was then centrifuged 
at 1,300 X for 5 min. The supernatant water and the bottom layer, 
which contained large amounts of sand, were discarded. The remaining 
material was either extracted directly or treated in one of the following 
ways; 
1) frozen at -10 C (used for most of the collections) 
2) stored under 80% ethanol 
3) extracted with hot methanol until colorless and either dried or 
stored under methanol 
4) extracted with acetone followed by chloroform-methanol (2:1) and 
air dried 
5) stored under acetone. 
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THE STALK MATERIAL 
Staining Properties 
As reported for other diatoms (Lewin, 1955; lewin, 1958), the 
mucilage and cell walls of Gomphonema olivaceum stain with ruthenium 
red (previously considered specific for pectic substances) and with 
methylene blue. A personal communication from Ryan W. Drum, Dept. of 
Botany, University of Massachusetts, Amherst, Mass., (1964) indicated 
they could be also stained with Azure B and Janus Green B» He reported 
(1964) negative results with Ig-KI staining solution and with ninhydrin, 
a protein stain. I confirmed these results and also obtained a 
negative protein test with biuret reagent. 
Attempts to Isolate Stalks 
I initially hoped to remove the stalk material from the cells and 
analyze it without having contamination by cellular constituents. 
I worked with frozen-stored material which, on thawing, already 
contained large numbers of free stalks. To increase this percentage, 
I tried the following procedures: 
1) suspending the material in water and shaking with glass beads 
2) grinding on a Servall "Omni-Mixer" 
3) shaking with Ballotini beads on a Mickle disintegrator 
4) grinding in a tissue homogenizer 
5) sonication with an "Ultrasonic" sonifyer. 
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None of these methods were entirely successful in removing the attached 
cells, although the tissue grinder, using a loose-fitting pestle to 
avoid breaking cells, did free a majority of them. 
To obtain a cell-free fraction, I first attempted a separation 
based on density differences by suspending the ground material in 
saturated solutions of sucrose and of NaCl. In both cases, all of the 
ground material was more dense than the solution. High speed 
centrifugation (56,000 x of the material resulted in a pellet in 
which cells and stalks appeared to be intermingled at all levels. 
The method I finally used gave a small fraction in which the ratio 
of cells to stalks was greatly reduced. The material was ground in 
the tissue homogenizer for several minutes, all clumps were discarded 
and the remaining material was centrifuged at 400 x ^  for 1,2 min. The 
supernatant suspension from this was then centrifuged at 8,000 x £_ for 
15 min. The final supemate, which contained many small diatom cells 
was discarded. The pellet, however, was composed largely of stalk 
fragments with relatively few cells. Since even this procedure was not 
perfect, and the yield of stalk-enriched material extremely low, it 
could not be used to provide material for a complete chemical analysis 
of the stalks. It was, however, acid hydrolyzed and the chromatogram 
of its component sugars used for comparison with that of material 
extracted by other means (Fig, 5), 
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Extraction 
Drum (1964), in a preliminary study of the stalk material reported 
it insoluble in the following solvents between 20 and 100 C: 8M KOH, 
various concentrations of NaOH between 1 and 25%, water, methanol, 
chloroform, ethanol, 20% NH^ OH, glacial acetic acid, alkaline hypochlorite 
and formamide. He did not state the period of time used for extraction 
nor his criteria for deciding if the material had been dissolved, I 
carried out extractions repeating some of the above solvents, and also 
some reported to be successful in extracting other polysaccharides. I 
also tried a few not previously reported (Table 1). Unless otherwise 
noted, all extractions were carried out overnight at room temperature. 
The success of each method was determined by microscopic examination of 
the methylene blue stained residue for the presence of stalks, and by 
the formation of a precipitate on pouring the extract into four or five 
equivalent volumes of ethanol. 
In all cases, considerable extracellular material remained in the 
residue, although the stalks had generally become swollen or amorphous 
and stained more lightly than the untreated material. Substantial 
ethanol precipitates were obtained only from material extracted with dilute 
acids or boiling water. Since the volume of the acid-extracted precipitate 
could be greatly reduced by dialysis, it probably contained a large amount 
of inorganic material. This was later confirmed by ashing. For this 
reason, and because of possible hydrolysis of the extract under acid con­
ditions, water was chosen as the primary solvent in subsequent experiments. 
Table 1. Solvents tested for extraction of stalk substances of G, olivaceum 
Solvent Examples of extract-
able polysaccharides 
Reference 
KOH (5, 10, 20, and 30%) hemicelluloses Wise and Ratliff, 1947 
ammonium oxalate 
(0.5%, warm, 2 hr) pectic substances Whistler and Smart, 1953 
oxalic acid 
(0.5%, hot, 2 hr) protopectin Loomis and Schull, 1937 
dimethyl sulfoxide (DMSO) hemicelluloses Hagglund, et al.. 1956 
NaOH (20%) capsule of Navicula 
pelliculosa Lewin, 1955 
Porphvra mannan Jones, 1950 
ZnCl, (50%) green algal cell 
wall mannan Iriki and Miwa, 1960 
Schweitzer's reagent 
algin Rao and Mody, 1965 
cellulose Bonner, 1950 
water (boiling, 3 hr) carrageenan 
green algal poly­
Smith and Montgomery, 1959 
saccharides Fisher and Percival, 1956 
Nostoc mucilage Hough, ^  al., 1952 
HCl (dilute) Dilsea edulis mucilage Barry and Dillon, 1945 
laminaran Black, 1965 
ethanol (50%) leucosin Beatie, et al.. 1961 
glycerol (50%) bacterial capsules Davies, 1960 
pyridine (50%) bacterial capsules Davies, 1960 
urea (saturated) bacterial capsules Davies, 1960 
trichloroacetic acid 
(0.5N, 0 C, 2 hr) bacterial capsules Davies, 1955 
formamide bacterial capsules Davies, et al.. 1955 
ethylene glycol bacterial capsules Morgan, 1937 
acetic acid (1%) bacterial capsules Morgan and Partridge, 1940 
phenol (45%, 65 C, 
30 min) lipopolysaccharides Davies, et al.. 1955 
Table 1 (Continued) 
Solvents not 
previously reported 
EDTA (O.OIM) 
acetic acid (0.5%) 
acetamide 
DMSO-IM acetic acid (1:1, 3:2, 7:3, 4:1) | room temp 2.5 hr, followed by treatment 
DMSO-Tfater (7:3) / with fresh solvent at 60-80 C for 
acetic acid (.5M) J 1,5 hr 
ethylene chlorhydrin 
phenol (10, 20, 30, 50%, 65 C, 30 min) 
trichloroacetic acid (2N, 0 C, 2 hr) 
trichloroacetic acid (10%, 100 C, 1 hr) 
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In the extractions with dilute acids, the normality of the acid 
used could not be used to predict the final pH of the solution. As 
acid was added, large amounts of carbon dioxide were evolved from the 
diatom material and there was a very strong buffering effect in the 
region of pH 5.0 to 5,5, similar to that obtained by acidification of 
an aqueous suspension of CaCO^  (Fig. 12). Although the final pH was 
not checked in my earlier extraction experiments, I doubt that it was 
much below 4 except when the extraction was repeated several times on 
the same material. To overcome this, and to study the effect of pH 
on extraction, I extracted 6 g (wet weight) samples in 25 ml of O.IM 
solutions of phosphate, citrate, and acetate buffers selected to give 
a series of pH's ranging from 2.7 to 7.4. Even this was insufficient 
to suppress the buffering effect, and after 2.5 hours, all pH's lay between 
5.0 and 7.3. Only the extract with an initial pH of 2.7 gave a significant 
precipitate in ehtanol. 
To determine if the stalks or their extracts could be digested 
enzymatlcally, I studied the effects of diastase and a culture of 
Aspergillus orvzae on them. A sample of the acetone-dried collection 
was incubated with 5% diastase ("Clarase" standardized, cat. no. D-23, 
Fisher Scientific Co., Fair Lawn, N.J.) (phosphate buffer, pH 7.0, 30 C) 
for 2 days. Chromatography of the products showed a faint spot with a 
position corresponding closely to galactose. Drum (1964) reported 
similar results using taka-diastase. 
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Aspergillus oryzae could be grown readily on a mineral medium 
containing a suspension of the dried autoclaved colonies (0.8 g/ml). 
Slow growth was obtained where a mixture of the aqueous and dilute 
acid extracts (0,01 g/ml) provided the carbon source. A control 
containing dextrose (8 mg/ml) gave good growth. No growth occurred 
in cultures lacking a carbon source. After 10 days at 30 C, the 
culture growing on the dried colonies was centrifuged and the supernatant 
liquid was deionized by shaking with a mixture of Amberlite IR-410 and 
IRC-50 ion exchange resins overnight. The solution was evaporated to a 
small volume and spotted on a sheet of %atman No. 1 filter paper. No 
spots were produced after irrigation with butanol-pyridine-water (6:4:3) 
solvent and spraying with aniline hydrogen phthalate, a stain for sugars 
(see methods). Possibly not enough material was spotted on the 
chromatogram, or the hydrolyzed polysaccharide was utilized by the mold 
without accumulating in the medium. 
Effects of Pretreatments on Solubility 
Autoclaving for 1 hour in water was found to give better yields in 
shorter periods than boiling. However, it is possible that prolonged 
high temperatures may cause hydrolysis of the more labile sugar residues. 
To increase the solubility at lower temperatures, I tried to reduce the 
number of ionic bridges between polysaccharide molecules by replacing 
some of the divalent cations with univalent ones. 
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Addition of solutions containing up to 20% KCl to the cell suspension 
prior to autoclaving gave a small but inconsistent increase In the amount 
of material extracted. Soaking in 0,02M disodium ethylenediaminetetra-
acetate (EDTA) overnight at room temperature resulted in a swelling of the 
stalks and extraction of some material that could be precipitated by 
ethanol. Subsequent boiling or autoclaving of the treated residue, how­
ever, did not show an improvement in yield of extract over the untreated 
material. 
Mixing a suspension of the cell-stalk material with Dowex 50W-X4 
cation exchange resin resulted in a decrease in pH from 8.0 to 2.7 and a 
swelling of the stalks. A small amount of material was also extracted but 
it proved very difficult to remove the cell residue from the resin for 
further extraction by boiling or autoclaving. This further extraction did 
not produce greater yields than were obtained from untreated material. 
The following procedure, based on a personal communication by Dr. 
Janes H. Sloneker, USDA Northern Regional Research Laboratory, Peoria, 
111. (1966), was found to be effective. Frozen material was ground in 
70% ethanol containing 2% KCl in a Waring Blendor. The suspension was 
allowed to stand overnight at room temperature, then the alcohol-KCl 
solution was decanted after centrifugatlon and the residue extracted with 
water on a steam bath for 1 hour. Extraction was repeated three times, 
each separated by overnight soaking in the alcohol-KCl solution. In this 
manner, yields were as high as those obtained from autoclaving and much 
greater than from non-pretreated material extracted in the same manner. 
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One other pretreatment that was studied was a preliminary soaking 
in dimethyl sulfoxide (DMSO). This extracted large amounts of pigments 
and caused a swelling of the stalks with a slight evolution of carbon 
dioxide. However, only when the starting material had been stored dry 
rather than frozen was there an increase in yield on subsequent extraction 
in boiling water. 
Cleaning and Deproteination of Extract 
The combined water extracts formed a cloudy green suspension and I 
first tried to remove the particulate matter by filtration through a bed 
of Celite with slight suction (Morris, 1942), The Celite, however, 
adsorbed not only the suspended particles but most of the dissolved 
mucilage as well. In subsequent work, the suspended material was removed 
by centrifugation at 35,000 x jg. for 1 hour. The clear green supernatant 
liquid could be decolorized by filtration through activated charcoal, but 
again much of the extracted mucilage was also removed. To avoid this loss, 
the centrifuged solution was poured directly into four to five volumes of 
95% ethanol. On standing overnight, a stringy off-white precipitate was 
obtained, and most of the pigment remained in the ethanol solution. 
Although both ninhydrin and biuret reagent gave negative results as 
noted earlier, shaking a water solution of the extract with chloroform and 
amyl alcohol (20:5:2) according to the method of Sevag (Sevag, et al,. 
1938) gave a thick gel layer at the chloroform-water interface,indicating 
that considerable amounts of protein were present. This was confirmed by 
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nesslerization (Miller and Miller, 1948) of the dried ethanol precipitate 
which indicated 4.2% nitrogen corresponding to about 26% protein. The 
gel layer mentioned above was hydrolyzed according to the method of 
Cramer (1954) and spotted on a sheet of l^ hatman No. 1 filter paper. The 
paper was irrigated by descending chromatography using a solvent system 
of butanol-acetic acid-water (12:3:5) for 60 hours in the first dimension 
and phenol-water (4 g:l ml) for 24 hours in the second dimension, Amino 
acid spots on the dried chromatogram were revealed by spraying with 0,2% 
solution of ninhydrin in acetone followed by heating for 3 min at 100 C. 
At least 12 amino acids were revealed. No attempt was made to identify 
them. 
To remove most of the protein using Sevag's method, it was necessary 
to repeat the chloroform-amy1 alcohol extraction of the aqueous solution 
six times. A large amount of non-protein material was lost in handling, 
so a more direct method was sought. 
Alkali (20% KOH) was found to extract some protein from the original 
cell-stalk complex as indicated by a positive ninhydrin reaction on a 
chromatogram of its hydrolysate. However, since polysaccharides may be 
oxidized in the presence of strong alkali (Whistler and Smart, 1953), this 
treatment was not used. 
Trichloroacetic acid (4%) overnight at 4 C precipitated very little 
material although it has been used successfully for protein removal by 
several workers (Bell and Young, 1934). Salting out with 50 to 80% 
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saturated (NH^ ÏgSO^  solutions (Meyer, et al.. 1939) also failed to remove 
much material. 
The treatment finally chosen was incubation with 1% filtered trypsin 
solution (Trypsin, 1:120, cat. no. J-2208-S, Fisher Scientific Co., Fair 
Lawn, N.J.) (pH 7.5, 0.02M phosphate buffer) at 37 C overnight. When this 
was followed by shaking two or three times with chloroform-amy1 alcohol, 
the gel layer was almost eliminated. 
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PURIFICATION OF THE POLYSACCHARIDE 
Fractional precipitation with ethanol has been used widely to 
purify polysaccharides (Wilham, et , 1955). I attempted to use this 
method on the Gomphonema extract but found that when the ethanol concen­
tration reached about 18%, a gel formed which could not be dissolved or 
precipitated by further addition of ethanol. However, if the gel was 
melted by slight warming and then added to ethanol, a precipitate would 
form at an alcohol concentration of 40 to 60%. Further addition of 
alcohol yielded little additional precipitation, but if the supemate 
was boiled down to free it of alcohol and then poured into four or five 
volumes of 95% ethanol, a bulky white precipitate formed. 
If the aqueous extract was poured directly into 60% ethanol in such 
proportion that the final concentration was 54%, complete precipitation 
of the alcohol-insoluble material appeared to occur. A small precipitate 
was also produced when 50% alcohol (final concentration, 45%) was used, 
but none at lower concentrations. 
All the ethanol precipitates mentioned above gave the same patterns 
on hydrolysis and chromatography of the products. This may indicate that 
fractionation was based on differences in molecular size rather than 
chemical composition. 
The polysaccharide could not be isolated by complex formation with 
borax or Fehling's solution which are précipitants for polysaccharides 
composed largely of sugars bearing adjacent cis hydroxyIs (Smith and 
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Montgomery, 1959). However, it did complex readily with Cetavlon 
(hexadecyltrimethylammonium bromide), a precipitant for polyanions 
(Scott, 1955). 
The Cetavlon complex did not redissolve upon lowering the pH to 
0.05, Indicating the presence of sulfate groups (Scott, 1955). It 
could be dissolved in 4N KCl or NaCl, and the Cetavlon was then removed 
by repeated precipitation of the polysaccharide in 70% ethanol followed 
by dissolution in water. 
To remove essentially all of the neutral components, precipitation 
by drop-wise addition of 2% Cetavlon followed by dissolution in 4N KCl 
was carried out twice. The final solution was shaken with chloroform-
amyl alcohol for three 1 hour periods to remove residual protein and 
Cetavlon, then dialyzed against distilled water, lyophillzed, and stored 
in a vacuum desiccator over CaClg. The procedure is summarized in Fig, 3. 
The yield of purified polysaccharide was generally about 3% of the dry 
weight of the starting material. 
Cetavlon will precipitate proteins only at pH's above their 
isoelectric points (Scott, 1955). Since proteins associated wltb an 
acidic polysaccharide would be expected to be basic, with high isoelectric 
points, they should not be precipitated under the neutral conditions that 
were maintained during addition of Cetavlon. For this reason, I omitted 
the trypsin digestion in my earlier purifications. However, comparison of 
the nitrogen content of two purified extracts, one trypsin treated prior 
to Cetavlon precipitation, the other not, showed that the trypsin treatment 
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frozen cellular material (100-200 g wet wt) 
grind in 70% alcohol + 2% KCl and let stand ovemight-e 
add 10 volumes of water and heat on steam bath 1 hour 
centrifuge 
residue 
repeat 
3 times 
combined supernates 
centrifuge @ 35,000 x for 1 hour 
i reduce volume to 100 ml by evaporation @ 40 C in vacuo 
pour into 400 ml 95% ethanol, let stand overnight 
|precipitate 
dissolve in 100 ml water with warming 
add 5 ml 5% trypsin, incubate @ 37 C overnight 
I 
add 25 ml 2% Cetavlon< 
precipitate 
dissolve in 10 ml 4N KCl 
pour into 80 ml of 70% ethanol 
precipitate 
dissolve part.ally in 10 ml water 
pour into 80 ml of 70% ethanol-*— 
precipitate 
r 
dissolve in 10 ml of water 
repeat 
1 time 
shake 3 times with chloroform-amyl alcohol 
fSupernate 
dialyze against distilled water 
repeat 
1 time 
I lyophilize 
Fig, 3, Extraction and purification of the acidic polysaccharide of 
G. olivaceum 
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reduced the nitrogen content of the final product from 0,45% to 0,1%, 
Trypsin digestion was, therefore, retained in the purification process. 
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PROPERTIES OF THE ACIDIC POLYSACCHARIDE 
Methods 
Acid hydrolysis and paper chromatography 
A 10 mg sample of the material to be hydrolyzed was placed in a 5 ml 
glass ampoule. To this was added 2 ml of distilled water and the mixture 
was warmed on a steam bath until solution was complete. Sufficient 4N 
HgSO^  or HCl was added to give a final concentration of 1 or 2N acid 
(depending on the experiment), The ampoule neck was sealed and hydrolysis 
was carried out for 1 to 2 hours at 100 C, Dissolution of the poly­
saccharide in water prior to addition of acid was found to be preferable 
as direct addition of acid to the dry material generally did not result in 
complete solution even after hydrolysis. 
In the two studies of graded acid hydrolysis the following conditions 
were used; 
1) 0.05N HCl at 100 C, 30 min, and 1 hour, 
0,1N HCl at 100 C, 15 min, 30 min, 1 hour, 2 hours, and 17,5 
hours, 
2) IN HCl at 100 C, 10 min, 20 min, 45 min, and 2 hours. 
The hydrolysates treated with HgSO^  were neutralized with BaCO^  
(Congo red indicator). Those involving HCl were neutralized with AggCOg, 
and the residual silver in solution was precipitated as Ag^ S by bubbling 
with H^ S, The precipitates were centrifuged off, washed, and the washings 
combined with the neutralized solution. The solutions were evaporated to 
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dryness vacuo at 40 C and then redissolved in a drop of distilled 
water. Spots were placed 10 cm from the edge of 46 x 57 cm sheets of 
Whatman No. 1 filter paper and dried under a hair drier. Spots 
containing about 40 pg of standard sugars were used as controls. 
Descending chromatography was carried out for 24 to 30 hours, 
generally employing a butanol-pyridine-water (6:4:3) solvent system. 
Ethyl acetate-acetic acid-water (3:1:3) and butanol-ethanol-water 
(5:1:4) were used on occasion. The sheets were air-dried and sprayed 
with 0.1 M aniline hydrogen phthalate in water-saturated butanol 
(Partridge, 1949), or with ammoniacal silver nitrate (5 g AgNO^  in 90 
ml HgO plus sufficient concentrated NH^ OH to clear the solution). 
Color development was carried out at 100 C for 5 min. 
Aniline hydrogen phthalate gives specific reactions with different 
sugar classes (Partridge, 1949; Hough, et al., 1950). Aldopentoses 
stain pink while aldohexoses, methylpentoses and hexuronic acids stain 
various shades of brown. The spray is not very sensitive for fructose. 
Ketose reactions vary with the solvents used for irrigation. Examination 
under ultraviolet light is useful in revealing frutcose spots and weak 
spots of other sugars. 
The relative positions of the sugars were expressed in terms of 
(mobility compared to xylose) rather than (mobility compared to the 
solvent front) since the solvent front was allowed to run off the paper 
during irrigation. 
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Identification of principal monosaccharides 
The crude water-extracted material (150-200 mg) was dissolved in 
10 ml of water in a 2 x 20 cm test tube. After addition of 10 ml of 
4N HgSO^ , the tube was closed by insertion of a slightly smaller tube 
containing cold water into the mouth. A rubber band around the smaller 
tube prevented it from sliding in beyond the desired distance. Hydrolysis 
was carried out for 1.5 hours in a steam bath. The hydrolysate was 
neutralized as described above and streaked along the entire width of a 
46 X 57 cm sheet of Whatman 3MM paper. Development was carried out for 
20 hours. Guide strips were cut from both edges and sprayed with 
ammoniacal silver nitrate to locate the sugars. The strips then were 
laid in their original places along the unstained portion of the 
chromatogram and the bands containing the two major components, with R^ 's 
corresponding to galactose and xylose, were cut out and eluted according 
to the method of Laidlaw and Reid (1950). 
The concentrations of sugars in the two eluates were determined by 
the phenol-sulfuric acid method (Dubois et al., 1956) using a Beckman 
t2 
model DU spectrophotometer. Standard curves were prepared from authentic 
samples of galactose and xylose. Absorbance was measured at 480 my for 
xylose and 490 mp for galactose 
To confirm the Identity of galactose, an attempt was made to convert 
it to lyxose in the original polysaccharide hydrolysate with MnO^  according 
to the method of Bose (1963). A pure galactose sample was run for a 
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control. Both samples were chromatographed and developed with aniline 
hydrogen phthalate in the manner described previously. 
Confirmation of galactose was made enzymatically using a 
"Galactostat" kit (Worthington Biochemical Corp., Freehold, N.J,), The 
enzyme, D-galactose oxidase, is coupled to peroxidase in the following 
sequence of reactions; 
D-galactose + 0^  o^xidase^ ' D-galacto-hexodialdose + H2O2 
HgOg + reduced chromogen > oxidized chromogen 
The concentration of the oxidized chromogen (o-tolidine), measured 
by absorbance at 425 my, is proportional to the galactose concentration 
up to 100 wg/2 ml. 
An attempt to confirm the identity of the xylose eluate by formation 
of _£-nitroaniline derivative (Weygand, et al.. 1951) was not successful 
due to insufficient material and failure to obtain crystalline xylose from 
a syrup of the eluate in methanol. 
Final confirmation of both sugars was based on the nature of the 
optical rotary dispersion (ORD) spectra measured between 205 and 600 my 
with a Jasco UV5 recording spectropolarimeter, and on their specific 
rotation, determined from the ORD spectra using concentration 
values obtained by the phenol-sulfuric acid procedure (Dubois, et al., 
1956). 
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The ORD spectrum and specific rotation of the purified polysaccharide 
were also determined. 
Periodate oxidation and borohydride reduction 
A solution containing 1 mg/ml of the polysaccharide was oxidized 
with 0.02M NalO^  in the dark at 5 C. At,intervals up to 220 hours, 1 ml 
aliquots were removed for measurement of periodate consumption by the 
arsenite method of Jackson (1944), using 0.005M for the titrations. 
At the same time, 2 ml aliquots were added to tubes containing 0.2 ml 
acid-free ethylene glycol, and formic acid production was measured by 
titration with standard O.OOSM NaOH using phenolphthalein as an indicator, 
Borohydride reduction and hydrolysis of the periodate oxidized 
polysaccharide were carried out according to the procedure of Goldstein, 
et al. (1965) for oat 3-D-glucan. Chromatography of the products was 
carried out In a butanol-pyridine-water (6:4:3) system. Glycerol, 
erythritol (prepared from erythrose by borohydride reduction), erythrose, 
galactose, and xylose were used as standards. Ammoniacal silver nitrate 
was used as the location reagent. 
Determination of sulfate content 
Sulfate was estimated both gravimetrically and colorimetrically. 
For gravimetric determinations, two 10 mg samples of the polysaccharide 
were added to 1.0 ml of concentrated HCl and 0.07 ml of concentrated HNO^  
in glass ampoules, The ampoules were sealed and hydrolysis was carried 
out at 100 C for 24 hours. One of the samples exploded on opening and 
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was lost, the other was washed Into a centrifuge tube and centrifuged a 
2,000 rpm for 10 min. The supemate was decanted and 1,0 ml of 2% 
BaClg solution was added. The tube was heated to coagulate the barium 
sulfate, then thé precipitate was dried overnight at 100 C and weighed. 
The colorimetric procedure used was the modified benzidine method 
of Antonopoulos (1962). 
Sulfur analyses of several samples were made for me in the 
analytical laboratory at the USDA Northern Regional Research Laboratory, 
Peoria, Illinois, 
Other measurements 
The sedimentation pattern of a 0,1% solution of the purified 
polysaccharide in 0,15MKC1 was determined. Centrifugation at 21.2 C 
was carried out for 40 min at 59,800 rpm in a Spinco analytical 
ultracentrifuge. Photographs of the sedimentation boundary were taken 
periodically using schlieren optics. The sedimentation coefficient, 
®21 KCl' determined from the slope of the line resulting when the 
logarithm of the distance travelled by the sedimentation boundary was 
plotted against elapsed time. This value was converted to the standard 
sedimentation coefficient, s„-  ^ , with appropriate correction 20,water' 
factors for temperature and solvent system (Svedberg and Pederson, 1940). 
The infrared spectrum of the intact polysaccharide and gas-liquid 
chromatography of its hydrolysate converted to the silyl ethers were 
kindly determined by Dr. James H. Sloneker at the USDA Northern Regional 
Research Laboratory, Peoria, Illinois. 
29 
Uronic acid content was determined by Dische's carbazole method 
(Dische, 1955). Samples containing between 100 and 400 jig of 
polysaccharide were used. For each sample a blank was run in which 
the carbazole reagent was omitted. Potassium glucuronate was used as 
a standard. Absorbance was measured at 535 mp with a Beckman model DB 
spectrophotometer. 
The free acid form of the polysaccharide was obtained by passing 
a 10 ml sample of a 0.3% solution through a 20 x 5 cm column of Dowex 
50W-X4, 50-100 mesh (H^  form) cation exchange resin. The neutral 
equivalent of the eluate was determined by titration with O.IN KOH 
to pH 11. 
Ashing was carried out in a muffle furnace at 500 C for 4 hours. 
The residue was weighed, and calcium and magnesium were determined in 
the portion soluble in 2N HCl by titration with EDTA (Chapman and Pratt, 
1961). Eriochrome Black T and "Calcon" (Fisher Scientific Co., Fair 
Lawn, N.J.) were used as indicators. 
The alkaline stability of the sulfate groups was examined by 
incubating 4 ml of a solution of the polysaccharide in 2N NaOH at 100 C 
for 10 hours. A small precipitate formed which was removed. The 
supemate was neutralized with IN HCl and 1 ml of 2% BaClg solution was 
added. The solution was warmed and examined for the formation of a 
precipitate of BaSO^  (identified by its insolubility in 6N HNOg). 
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The reducing value of the polysaccharide was determined by the 
alkaline ferricyanide method (Hoffman, 1937) modified for use with a 
Technicon Autoanalyzer. 
An X-ray powder diagram of the polysaccharide was provided by 
Dr. Malcolm A. Rougvie. 
Carbon, hydrogen, nitrogen and moisture content of various samples 
was determined at the analytical laboratory at the USDA Northern 
Regional Laboratory, Peoria, Illinois. 
Results 
The reaction of a 0.5% solution of the purified material was tested 
in various reagents. The results are summarized in Table 2 and compared 
with properties reported for thé red algal sulfated galactan, carrageenan. 
Where the levels of reagent are given in meq/g polysaccharide, they 
correspond to those levels required for reaction with carrageenan (Smith 
and Montgomery, 1959). 
In water, the maximum solubility of the material was about 50 mg/ml 
when the solution was heated. This solution became essentially solid 
upon cooling. A 1% solution was quite viscous and could be converted 
to a gel by addition of an equal volume of 2M CaClg. This effect was 
not shared by MgCl^  or KCl. A less concentrated (0.2M) solution of CaCl^  
was not as effective in gel formation as 2M CaCl^ . 
A film made by casting a 1% aqueous solution of the polysaccharide on 
a glass slide and allowing it to dry was quite flexible, indicating a 
Table 2. Reactions of G. olivaceum polysaccharide and carrageenan with various reagents 
Reagent, concentration Reaction with diatom 
Dolvsaccharide 
Reaction with 
carrageenan^  
FeClg, 2.4 meq/g polysaccharide stringy yellow ppt, gels stringy ppt, gels 
methylene blue, 1,0 meq/g polysaccharide purple fibrous ppt blue fibrous ppt 
KOH, 200 meq/g polysaccharide gelatinous ppt ppt 
KCl, 40 meq/g polysaccharide no reaction ppt 
BaClg, 400 meq/g polysaccharide gelatinous ppt ppt 
Ba(0H)2, saturated, 1 vol gelatinous ppt gelatinous ppt 
saturated, 1 vol no reaction gels 
ruthenium red 0,1% (w/v) stringy ppt ppt 
Fehling's solution no reaction no reaction 
borax, 1% (w/v) no reaction not reported 
HCl, IN no reaction not reported 
acetic acid, glacial stringy white ppt not reported 
acetic acid, 50% (v/v) no reaction not reported 
ethanol, 50% (v/v) stringy white ppt stringy ppt 
basic lead acetate, saturated, 5 vol gelatinous ppt gels, flocculant ppt 
S^mith and Montgomery, 1959. 
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degree of polymerization greater than 50 and a molecule containing no or 
very short side chains (Whistler and Smart, 1953). 
An X-ray powder diagram of the solid polysaccharide did not indicate 
the presence of micellar regions. 
The sédimentation pattern of the purified material (Fig. 4) showed 
a major peak which became flattened during the run, and a small, faster 
sedimenting peak which flattened out almost to the point of being 
undetectable. The observed sedimentation coefficient (Sgg ^ t^er^  the 
major peak was 5.6 x 10 Although this value is similar to that 
reported for carrageenan, the molecular weight of carrageenan, about 
250,000 (Smith, et al.. 1954),appears to be much higher. The molecular 
weight of the diatom polysaccharide, determined from the reducing value, 
was found to be about 17,000. 
Paper chromatography of the acid hydrolysate revealed up to six 
monosaccharide components (Fig. 5). The two major components had 
mobilities and staining reactions which corresponded to galactose and 
xylose in three solvent systems (butanol-pyridine-water, ethyl acetate-
acetic acid-water, and butanol-ethanol-water). The four minor components 
did not appear consistently in different preparations. Their values 
in increasing order, corresponded approximately to the following sugars: 
glucose, fructose, lyxose, and rhamnose. All spots except that 
corresponding to lyxose stained brown with aniline hydrogen phthalate. 
The "lyxose" spot stained pink. To my knowledge lyxose has not been 
reported to occur in any natural polysaccharides. 
Fig. 4. Sedimentation pattern of acidic polysaccharide. Arrows indicate minor component. 
Photographs taken at the following times: A) 8 min, B) 16 min, C) 24 min, 
D) 32 min, E) 51 min 
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Fig, 5. Schematic diagram of chromatograms of various hydrolysates 
prepared from olivaceum 
STD = standard sugars: R = rhamnose, L = lyxose, 
X = xylose, F = fructose, G = glucose, 
Gà = galactose 
AP = acidic polysaccharide 
NP = neutral polysaccharides 
STK = stalk-enriched fraction 
UNT = untreated cell-stalk complex 
solvent system; butanol-pyridine-water (6:4:3) 
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Graded acid hydrolysis under both sets of conditions described in the 
methods section resulted in almost immediate (10 min, IN HCl) release of 
what was visually estimated to be half the xylose (Fig, 6)» Hydrolysis 
for 20 min with IN HCl resulted in release of apparently all the xylose 
and galactose, and further hydrolysis gave a slight reduction in the 
xylose spot possibly due to degradation by the acid to furfural (Pigman, 
1957). 
The attempt to identify galactose by conversion to lyxose in the 
neutralized hydrolysate was indeterminate because conversion was not 
complete and because the xylose spot had an that was very close to 
lyxose and would conceal the latter if it was very weak. Even using a 
pure sample of galactose, only a very small amount of lyxose was produced 
by this method. 
The "Galactostat" analysis was unsatisfactory for use on a 
neutralized hydrolysate of the unpurified water extract, A heavy yellow 
precipitate formed, possibly due to the presence of protein in the 
extract. However, following paper chromatography of the hydrolysate, 
the identity and concentration of the eluted spot corresponding to 
galactose was determined by this method. The amount of galactose so 
determined corresponded closely with that found by the phenol-sulfuric 
acid method (1,0 mg/ml and 1,3 mg/ml respectively) indicating that little, 
if any L-galactose occurred in the polysaccharide. 
The "Galactostat" enzyme system was completely inactive on the intact 
polysaccharide. 
Fig, 6. Chromatogram of graded acid hydrolysate of acidic 
polysaccharide» Numbers correspond to time (in 
minutes) of hydrolysis in IN HCl at 100 C 
ST = mixture of xylose (upper spot) and galactose 
(lower spot) 
solvent system: ethyl acetate-acetic acid-water 
(3:1:3) 
developing agent: ammoniacal silver nitrate 
fSKAi-Mk-w «% 
; .^  -
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Both major components of the hydrolysate had specific rotations 
that agreed reasonably well with values reported in the literature 
(Lltwack, 1960), The [cxj^ g of the galactose sample was +95° (literature 
value, +81,7°), and that of xylose was +20° (literature value, +18,7°), 
The shapes of the respective ORD curves were characteristic for the two 
sugars. The galactose curve showed a positive Cotton effect with a 
maximum specific rotation of +864°, This compares well with the value 
of +900° calculated from data in the literature (Litowsky, et , 1965), 
Galactose is the only common aldohexose with this strong a Cotton effect. 
The xylose sample gave a smooth curve increasing with decreasing wavelength 
and always with a positive specific rotation, a characteristic found, among 
the D-aldopentopyranoses, only in D-xylose (Litowsky, et al». 1965), 
Gas-liquid chromatography also confirmed the identity of xylose and 
galactose by the positions of their peaks on the recording chart, each 
sugar being characterized by three peaks. The amounts of the sugars were 
computed by dividing the total areas under their peaks by the area under 
the peak of a known concentration of methyl a-D-mannopyranoside and 
multiplying by a correction factor. The correction factor, calculated 
from peak areas obtained for known concentrations of authentic samples of 
the sugars involved, adjusts for differences in area of the sugar peaks 
even when their concentrations are the same. In this manner it was 
determined that xylose and galactose existed in a 1:1 ratio, and account 
for 91% of the total monosaccharides in the hydrolysate. 
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The total amount of carbohydrate in the polysaccharide as determined 
from the gas-liquid chromatograms in the manner just described averaged 
61.2% for four samples. This is compared with an average of 66,8% based 
on carbon content of the same four samples, considering each anhydrosugar 
residue to be 44,9% carbon. The phenol-sulfuric acid method gave values 
of 52% and 65% for two different samples using the absorption of a one-to-
one mixture of xylose and galactose at 490 mn as a standard, 
Uronic acids did not appear on paper chromatograms but were 
determined to be 3,6% of the dry polysaccharide by the Dische (1955) 
carbazole method, 
Periodate oxidation and formic acid production were essentially 
complete after 40 hours although oxidation continued slowly throughout 
the entire period of the experiment (Fig, 7), Based on a carbohydrate 
content of 65% and using the average molecular weight of anhydrogalactose 
and anhydroxylose as the weight of one anhydrosugar residue, the values 
for periodate uptake and formic acid release were 0,91 and 0,26 moles per 
anhydrosugar residue respectively. Chromatography of the oxidized poly­
saccharide after borohydride reduction and hydrolysis showed no galactose 
and a trace of xylose remaining. The major spot had a mobility 
corresponding to glycerol and there were two minor spots with higher 
mobilities. 
The purified polysaccharide contained 22% ash based on weight after 
heating at 500 C. However, this value is probably low since about half 
the sulfate is lost as SO^  and other gaseous products during ashing 
I 
Fig. 7. Periodate uptake (solid line, open circles), and formic acid production (broken 
line, filled circles) by the acidic polysaccharide of G. olivaceum 
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(Smith and Montgomery, 1959), The calcium and magnesium content of the 
ash was found to be 18,4% and 5.5% respectively. 
The specific rotation of the polysaccharide was +5,5°. Its ORD 
spectrum was a plain curve, increasing with decreasing wavelength, 
typical for a-linked polysaccharides. 
The infrared spectrum (Fig, 8) contained, among others, absorption 
peaks at 6,1 y, which corresponds to carbonyl groups or to residual water 
(Neely, 1957), and at 8 P, corresponding to sulfate esters (Barker, et al,, 
1956), A small peak at 11,9 u may indicate «.-linkages since it corresponds 
to the peak for this configuration in glucans (Barker, _et , 1956), 
A slight turbidity formed upon addition of BaClg to the alkali-
treated polysaccharide, but it was soluble in 6N HNO^ , indicating that, 
under the conditions used, the sulfate groups were alkali-stable. 
The reducing power of 1 mg of the polysaccharide was equivalent to 
19 yg of maltose. This reducing value corresponds to a molecular weight 
of about 17,000, 
The gravimetric sulfate determination indicated a sulfate content 
of 16%, The colorimetric method also indicated levels of 16% to 17%, 
Sulfate levels, calculated from sulfur determinations made at the analytical 
laboratory of the USDA Northern Regional Research Laboratory, varied from 
18% to 25% with different extracts. These samples may have been more 
completely dried than the ones I analyzed. The material was quite 
hygroscopic, and I had difficulty obtaining an accurate weight after drying 
for 5 hours at 100 C, 
I 
Fig, 8. Infrared spectrum of acidic polysaccharide 
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Titration of the free acid form of the polysaccharide gave an 
equivalent weight of 294 (0.034 meq/mg polysaccharide). This would 
correspond to a sulfate content of 33% if no other charged groups were 
present. 
The elemental composition of the polysaccharide, based on averages 
of several extracts, was the following; C 30.0%, N 0.1%, H 4.0%, 
S 7.1%, and moisture 6.0%. 
Discussion 
The polysaccharide appears to be composed essentially of galactose, 
xylose, and ester sulfate in a 1:1:1 molar ratio. This composition 
corresponds to 24.6% sulfate, in reasonable agreement with the observed 
values. 
A predominance of glycosidic linkages is Indicated by the CRD and 
infrared spectra, although the low specific rotation (+5,5°) does not 
eliminate the possibility of g-linkages which are commonly observed with 
xylose residues. The specific rotation of K-carrageenan, which contains 
about two-thirds o-linkages, is +63° (Smith and Montgomery, 1959). 
The activity of D-galactose oxidase and the specific rotation of the 
galactose eluate indicate that essentially all of the galactose is in the 
D-configuration. Similarly, the specific rotation of the xylose component 
indicates the D-form, I have not found reports of L-xylose occurring in 
natural polymers. 
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The polysaccharide would not form complexes with boric acid or 
borax. Since such borate complexes require the presence of adjacent 
cis-hydroxyls. this indicates that the and/or positions on 
galactose may not be free. Since galactose oxidase will not attack 
the Intact polysaccharide, the Cg position on galactose is probably 
substituted also (Avigad, et , 1962), 
A sulfate group is alkali-labile if it is on position six of a 
hexose and position three is free, or if it is trans to an adjacent 
hydroxyl (Percival, 1949), The alkali stability of the sulfates of the 
Gomphonema polysaccharide indicates that neither of these situations 
occur. Alkali-stable sulfates could not occur on xylose units, in which 
all adjacent hydroxyls are trans. unless the adjacent carbon atoms were 
not free. However, the rapid release of xylose in graded acid hydrolysis 
indicates that many of these units may be terminal and thus all their 
carbon atoms would be unsubstltuted. 
During perlodate oxidation, three adjacent hydroxyls are required 
for the formation of one mole of formic acid, two moles of perlodate being 
consumed in the process. This situation would be found in non-sulfated 
terminal xylose units. The observed ratio of perlodate consumption to 
formic acid production was 3,7:1, not 2:1, so that some of the perlodate 
was consumed without formic acid production, a phenomenon that occurs 
where there are two adjacent hydroxyls. The presence of glycerol in the 
chromatogram of the borohydride-reduced polymer indicates either that 
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galactose was cleaved between and during periodate oxidation or 
that xylose was cleaved between and C^ . 
The molecular weight, as determined by the reducing value indicates 
that the molecule consists of about 44 units of each of the three major 
components (galactose, xylose, and sulfate). 
The observed data do not define a single structure for the 
polysaccharide, nor can I describe a polysaccharide that is consistent 
with all the data. However, I will propose the structures shoim in 
Fig. 9 as a basis for future study. In such polysaccharides half of 
the xylose residues would result in formic acid production on 
periodate oxidation, and would produce glycol and glycolic aldehyde 
on borohydride reduction and hydrolysis. These may be the two fastest 
moving spots on the chromatogram of the hydrolyzed borohydride-reduced 
product. The remainder of the xylose residues would consume one mole 
of periodate, yield no formic acid, and form glycerol and glycolic 
aldehyde on borohydride reduction and hydrolysis. Half of the galactose 
units would be attacked by periodate in the same way, yielding threitol 
and glycolic aldehyde through borohydride treatment. There 
would thus be one mole of periodate consumed per sugar residue (observed 
value, 0,9 moles), and the ratio of periodate consumption to formic acid 
production would be 4:1 (observed value, 3.7:1). The sulfates would be 
alkali-stable, and, as there are no adjacent cis hydroxyls, borate 
complexes would not be expected. The Cg positions of the galactoses are 
Fig. 9. Possible structures of acidic polysaccharide 
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Involved in glycosidic linkages and could not be attacked by D-galactose 
oxidase. The ratio of galactose to xylose and sulfate is 1:1:1, and the 
terminal xylose residues on the side chains could be readily cleaved by 
acid hydrolysis without release of galactose. The nature of the linkages 
is by no means certain, and some switching of substituent groups would 
still produce the same data. It would be very desirable to isolate and 
characterize di- and oligosaccharides from the partially degraded material 
to gain a more complete structural picture. 
The larval worms living in the diatom colonies might be a source of 
an enzyme capable of digesting the stalk polysaccharide. A cross section 
of one of these worms showed the gut to be full of apparently stalkless 
Gomphonema cells. 
To confirm that the purified polysaccharide was derived from stalk 
material, hydrolysis and chromatography of the stalk enriched fraction of 
the collected diatom material was carried out. Five spots were obtained 
with mobilities corresponding to rhamnose, lyxose, xylose, fructose, and 
galactose. As in the purified polysaccharide, galactose and xylose were 
the dominant sugar components (Fig. 5). 
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THE NEUTRAL FRACTION 
The neutral polysaccharides which remained in solution during 
Cetavlon treatment were isolated in the following way: the solution 
was evaporated down to about 5 ml in vacuo at 40 C, with a small 
amount of amyl alcohol to prevent foaming. The polysaccharides were 
separated from the Cetavlon by precipitation in 25 ml of 95% ethanol. 
Acid hydrolysis and chromatography of this material showed the 
same six components found in the acidic material, but there were 
considerable differences in the relative intensities of their spots 
(Fig. 5). The glucose and rhamnose spots were strongest in the neutral 
fraction while xylose and galactose were quite weak. The spots corre­
sponding to lyxose and fructose remained weakest in both acidic and 
neutral fractions. 
The glucose spot was probably derived largely from leucosin stored 
in the cell. This is borne out by the fact that extraction of the 
cellular material with 50% ethanol, a solvent for leucosin, and 
hydrolysis of the products yielded a chromatogram with a very strong 
glucose spot. As mentioned before, the contaminating larval worms may 
also have contributed some of the glucose. 
The rhamnose, "lyxose" and fructose may be derived from cell walls 
or stalks. The weakness of the latter two spots might also indicate 
that they resulted from rearrangements of the major components during 
hydrolysis or treatment with BaCO^ . It is impossible to say if any of 
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the four minor sugars or uronic acids were actually a part of the acidic 
polysaccharide, since, as shown by the sedimentation pattern, the fraction 
contained at least two components. However, the inconsistent presence of 
the minor components in chromatograms of the various samples and the 
absence of glucose from the chromatogram of the stalk-enriched fraction 
indicated that they probably were contaminants. 
The carbohydrate content of the neutral fraction was determined by 
the phenol-sulfuric acid method to be about one-tenth that of the acidic 
fraction. 
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THE RESIDUAL MATERIAL 
Microscopic examination of the residue from the water extraction 
showed that considerable extracellular material remained (Fig. 10). I 
was able to remove most of this by overnight extraction at pH 3 (IN 
HCl) followed by extraction with water for 1 hour on a steam bath (Fig. 
11), A final overnight extraction with 20% KOH at 5 C left the cells 
free of extracellular material and removed a small amount of material 
that could be precipitated in ethanol. This precipitate appeared to be 
largely protein since chromatography of its hydrolysate yielded a 
ninhydrin-positive spot near the origin and two very weak spots corre­
sponding to xylose and galactose. 
Chromatography of hydrolysates of the acid and final water extracts 
gave essentially the same patterns as the first water extracts. 
Acidification of the KOH extract and alkalization of the acid extract 
resulted in large flocculant precipitates. These were apparently inorganic 
since they would pass through dialysis tubing and would not form pre­
cipitates on pouring into excess ethanol. 
Table 3a shows ash contents of each fraction from cellular material 
extracted sequentially as described but omitting the KOH extraction as 
the added salt would make accurate determination of the ashed weight 
difficult. 
Large amounts of carbon dioxide, identified by formation of a pre­
cipitate in a hanging drop of Ba^ OHjg were evolved during the acidification 
Fig, 10. Material remaining after three 1-hour extractions with 
boiling water. Stained with methylene blue (X 300) 
Fig. 11. Residue from acidification (pH 3, overnight) of material 
shown in Fig. 10. Stained with methylene blue (X 300) 
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Table 3a. Ash content of the sequential extracts of 24.56 g (wet weight) 
frozen-stored Gomphonema olivaceum 
Fraction Dry wt (%) Ash wt (E) % ash 
water extracts (4) 0.303 0.084 28 
acid extracts (3) 0.607 0.471 78 , 
final water extract 0.105 0.024 23 
residue 0.443 0.331 21 
Total 1.457 0.910 62 
24.24 g untreated 
frozen material 1.337 0.875 66 
Table 3b. Some properties of acidified (pH 2) _G. olivaceum suspensions 
after various pretreatments. All values are per gram dry 
weight of material before acidification. No corrections are 
made for release of C0« during acidification or of SO- during . 
ashing  ^  ^
Un­ Water KCl-ethanol, 
treated extracted H9O extracted 
dry wt acid-insoluble 
residue (mg) 420 512 510 
ash wt of residue (mg) 316 366 361 
acid added (meq) 11.3 8.0 9.3 
Ca extracted (meq) 8.8 6.9 6.0 
Ca extracted (mg) 176 139 120 
Mg extracted (raeq) 0.56 0.45 0.42 
Mg extracted (mg) 6.8 5.5 5.1 
Table 3c. Ash, calcium, and magnesium content of purified polysac­
charide. All values based on one gram dry weight 
ash wt (rag) 218 
Ca in ash (meq) 2.01 
Ca in ash (rag) 40.3 
Mg in ash (meq) 0.98 
Mg in ash (mg) 11.9 
Total Ca + Mg in ash (%) 23.9 
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process. This evolution occurred in the buffering region (pH 5.0-5,5) 
of the titration curve (Fig, 12), Although the weight of carbon dioxide 
evolved is not included in Table 3a, it was estimated by the weight loss 
of the sample during acidification, and found to be about 10% of the 
initial dry weight. This is a low estimate since some carbonate 
undoubtedly remained in solution. 
The fact that essentially all of the buffering effect was derived 
from inorganic carbonate rather than the acidic polysaccharide was shown 
by back-titration with KOH (Fig. 13), The number of milliequivalents of 
base required to restore the pH to 8,0 was about one-seventh of the amount 
of acid required to lower the pH initially. There was no sign of 
buffering around pH 5,5 since the ions responsible had largely been 
released as carbon dioxide. 
To determine the effectiveness of the ethanol-KCl pretreatment in 
reducing the divalent cation content of the material, calcium and 
magnesium determinations were made on the acid (pH 2) extracts of dried 
Gomphonema after the following treatments; 
1) none 
2) 70% ethanol overnight followed by three 1-hour extractions with 
water on a steam bath 
3) 70% ethanol containing 2% KCl overnight, followed by three 1-
hour extractions with water on a steam bath. 
The results are summarized in Table 3b, Although the process of water 
extraction appeared to remove considerable calcium and magnesium, the 
Fig, 12. Titration of a suspension of dry G. olivaceuin (0,57 g/25 mi) 
with O.IN HCl (solid line). The failure of some points to 
lie on the curve is probably due to insufficient time for 
equilibration (dotted line indicates titration curve of a 
suspension containing 5.0 meq of CaCO^ ) 
Fig, 13. Back titration with O.IN KOH of an acidified suspension of 
£, olivaceum. after acidification with 2.2 meq of HCl 
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effect of the KCl treatment seemed relatively small. Acidification, on 
the other hand, not only released the calcivrai and magnesium ions but a 
large amount of organic material as well, as can be determined from the 
differences in dry and ash weight. This parallels the report by Haug 
(1964) that extraction of alginate from Laminaria and Ascophyllum is more 
effective if acidification rather than treatment with NaCl is used to 
remove divalent ions. 
In spite of having been complexed with Cetavlon and then with KCl, 
the purified polysaccharide contained calcium and magnesium amounting to 
24% of the ash weight (Table 3c). The magnesium content of the polysac­
charide corresponds closely to the difference in magnesium between the 
water-extracted and the untreated material. This indicates that most of 
the magnesium is bound to the polysaccharide rather than to carbonate 
ions. The ratio of calcium to magnesium in the polysaccharide was 2:1, 
which is of the same order as values reported for alginic acid (Haug, 
1964), while the corresponding ratio in the acid extract was 15:1. This 
can be explained by the greater solubility of MgCO^  over CaCOg. 
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CONCLUSIONS 
This study has examined the properties of the chief polysaccharide 
component of Gomphonema olivacaum. It has been shown to be a sulfated 
xylogalactan probably containing short xylose branches. It shares the 
properties of forming viscous solutions and gels which have made marine 
algal polysaccharides economically valuable. Its properties appear to 
be particularly similar to carrageenan, an a 1^ 3 linked galactan containing 
28% ester sulfate, which is produced by several genera in the 
Gigartinaceae, Carrageenan is widely used as a stabilizing, thickening, 
and gelling agent for food, drug, and cosmetic products. 
Algae are the only plants that produce sulfated polysaccharides 
(Percival, 1964), In marine algae they form a mucilaginous layer around 
the cells and appear to function in the selective absorption of ions and 
in prevention of dessication during low tide (Peat and Turvey, 1965), 
Whehter either of these functions is important in the gelatinous stalks 
of Gomphonema olivaceum is uncertain, Eppley (1958) has shown that 
metabolic energy is required for the selective absorption of potassium 
into and exclusion of sodium and chloride from cells of Porphyra perforata, 
While the stalks of £. olivaceum may be contiguous with a sheath 
surrounding the cell, the majority of their length is a great distance 
from the cells. Although adsorbed ions may diffuse along the stalk to the 
cell, it seems more likely that they would be removed from the surrounding 
water near the cell as the mucilage in that region lost ions into the cell. 
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It is doubtful that the stalks function to save cells in the 
colony from dessication as exposure for short periods would not be 
common in the conditions under which they grow. 
An obvious role of the stalks is to thrust the cells into the 
surrounding medium and, at the same time, provide attachment to the 
substrate, thus preventing their being carried out of a favorable 
environment by current action. 
The gelatinous nature of the stalks may be due to protein as well 
as to the acidic polysaccharide since the crude aqueous extract would 
readily form a gel on standing. This tendency was lost after trypsin 
digestion. 
Since olivaceum produces stalk material during cold seasons 
(water temperatures between 0 and 10 C), it may be particularly 
adaptable for utilization where low temperatures are Involved. For 
example, it could be used in cold climates for inorganic nutrient 
removal from treated sewage effluent. Its attached habit would make 
harvesting easy and the value of the stalk material could be used to 
defray the costs involved. 
The organism may have potential for maintaining humans in space. 
The dense colonial growth would require a smaller volume of medium 
than would unicellular algae and, again, harvesting would be simpler. 
The colonies will grow at low light intensities (they have been found 
growing under 1 cm of ice) and the low temperature optimum might make 
them suitable for conditions that might occur in a space platform. On 
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the other hand, certain problems can be foreseen. The high level of 
inorganic carbonate tied up in stalk production may result in a CO^ /O^  
exchange ratio quite different from that required to compensate for 
the respiratory quotient (0.85) of the human. The high ash content, 
about 65% of the dry weight, as opposed to 6.4% for Chlorella (Myers, 
1964), may indicate a rather inefficient system in terms of organic pro­
duction and would mean carrying a large supply of inorganic nutrients, 
particularly calcium and silica for the initial cultures. The poly­
saccharide portion of the stalk, which is very similar to carrageenan 
is probably equally indigestible by humans. However, Myers (1964) 
indicated that even a largely digestible alga such as Chlorella would 
probably require the introduction of a food chain prior to human 
consumption in order to provide a reasonably well-balanced supply of 
proteins, carbohydrates and lipids. 
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SUMMARY 
1. The cells of Gomphonema ollvaceum abundantly produce extra­
cellular stalks during cold seasons. The nature of these stalks was 
the subject of the present investigation. 
2. Since an attempt to grow the organism in the laboratory failed, 
material for study was gathered from natural conditions. 
3. The stalks were not readily separable from the cells by 
differential centrigugation, and therefore extractions were carried out 
on the intact cell-stalk complex. 
4. Hot water and dilute acid were both found to remove large 
amounts of stalk material, particularly when used in succession. Pre-
treatment with 2% KCl in 70% ethanol increased the water-solubility of 
the stalk material. 
5. The chief components of the hot water extract were acidic poly­
saccharide and protein, 
6. The acidic polysaccharide was identified as a branched sulfated 
xylogalactan with a molecular weight of about 17,000. 
7. A neutral component of the water extract was found to contain 
largely glucose and rhamnose based on identification by paper 
chromatography. 
8. Acidification of the residue remaining after hot water extraction 
resulted in the release of large amounts of inorganic material, chiefly 
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carbon dioxide and calcium. A considerable amount of organic matter 
was also solubilized so that little extracellular material remained 
unextracted. 
9, The stalk may play a role in the uptake of specific ions by 
the cells, in addition to providing anchorage of the cells to the 
substrate» 
10, The organism may prove to have economic value where low 
temperatures are involved, such as sewage purification in cold climates, 
or in space biology. 
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